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1.  IZ~RODUCXION 
Pouehet (1876) in his studies of the color changes in turbots pointed out that 
when these fishes were made to change color repeatedly they did so in shorter 
and shorter intervals of time as though they were perfecting a habit.  Similar 
conditions were  noted later by van Rynberk (1906)  in Rhomboidichthys  and 
Solea,  by Bab~k  (1910)  in the larvae of salamanders,  by Sumner (1911)  in 
Lophopsetta,  by Mast  (1916)  in Paralichthys,  by Sumner and Wells (1933)  in 
Lebistes, by Parker (1934) in Ameiurus, and by Matsnshita (1938) in Parasilu- 
rus.  Mast pointed out the possible relation of the graded shortening of the 
times of response to the process of learning.  A similar gradual shortening of 
the color reaction times in fishes has been recently recorded by Parker and 
Brower (1937) who suggested that in Fundulus the initial slowness of the first 
few color changes in a given series might well result from a residue of the op- 
posing neurohumor left over from a  previous lengthy response and that such 
slowness might continue to be noticeable till the last trace of this residue had 
disappeared.  Such  an  interpretation of  slow  initial  chromatic  responses  is 
open to experimental tests and it is one of the objects of this paper to discuss the 
outcome of such tests. 
The work herein reported was carried out on the common eastern catfish, 
Ameiurus nebulosus.  It was suggested by recent studies in which it was shown 
that the chief and perhaps exclusive agents in the color changes of Ameiurus 
are three: adrenalin, acetylchollne, and intermedin.  Of these adrenalin is the 
sole blanching agent and appears to come from the concentrating nerve fibers 
of this fish.  The other two are darkening agents, acetylcholine from the dis- 
persing nerve fibers, and intermedin from the pituitary gland (Chang, Hsieh, 
and Lu, 1939; Parker,  1940).  Intermedin is carried from its region of origin 
by the blood and lymph to the melanophores of the skin where it acts on these 
color  cells  directly.  Adrenalin  and  acetylchollne  appear  to  originate  in 
close  proximity  to  the  melanophores  which  they activate  and  from  their 
respective sets of chromatic nerve terminals.  They too act directly on the 
melanophores (Parker,  1941). 
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Intermedin is freely soluble in water and is carried throughout a given animal 
in its blood and lymph.  In consequence the  action of this  agent is  general 
and rapid and may take place in a  catfish in a  few minutes.  This and other 
like  neurohumors have been  designated in general  as hydrohumors (Parker, 
1935).  Caudal  bands  in  catfishes blanch  or  darken  only very slowly.  Ac- 
cording to Abramowitz (1936) a single  dark caudal band composed of only one 
ray will  blanch in a  pale fish  in  some 3  days.  One composed of three  rays 
becomes pale under like circumstances in about 10 days.  So slow a  process 
as  this  cannot depend upon aqueous solution solely.  It has been suggested 
that the neurohumor concerned with blanching, adrenalin, spreads by diffusion 
not through the aqueous constituents of the tissues but through their fatty or 
lipoid components (Parker, 1933).  The same is true of the nervous darkening 
agent,  acetylcholine.  Because  of their  relation  to fatty materials  these  two 
neurohumors  and  others  like  them  have  been  called  lipohumors.  Both 
adrenalin  and  acetylcholine,  however,  are  also  soluble  in  water.  Hence 
they may under other circumstance act as hydrohumors.  Experimental tests 
show that as hydrohumors, i.e. when these substances are dissolved in water, 
they quickly excite the whole melanophore system, but as lipohumors and in 
oil they are locally restricted and relatively slow in action.  The responses of 
melanophores to mixtures  of adrenalin  or of acetylcholine in  oil are  of first 
importance in the present research. 
2.  Adrenalin 
The adrenalin  used in these experiments was the whitish powder manufactured by 
Parke, Davis,  and Company and dispensed by them as such.  For the purposes of 
these tests this powder was further triturated in a mortar, and then mixed with oil to 
a known dilution.  Peanut oil, sesame oil, and Italian olive oil were tried.  Olive  oil 
because of its fluidity  and inertness  toward the fishes was finally used exclusively. 
Known weights  of  finely  pulverized  adrenalin  were  ground  further  with  definite 
volumes of olive oil and agitated for a day or so.  The strongest mixture was 0.1 gin. 
of adrenalin  in 10 cc. of oil which was conveniently designated as one part in a hun- 
dred.  From this mixture  further dilutions  were made to the weakest,  one part of 
adrenalin  in 100,000,000 parts of oil.  All mixtures from 1 : 100 to 1 : 10,000 inclusive 
showed cloudiness.  Mter these mixtures had been standing  a day or so there was a 
varying amount of sediment on the bottom of their glass containers.  Mixtures from 
1:100,000 to  1:100,000,000 were indistinguishable  in  clearness from pure olive oil. 
The mixture  1 : 100,000 after filtration through good filter paper and after having been 
decanted  was found still to be active in concentrating  melanophore  pigment.  It is 
therefore probable that adrenalin is more or less soluble in commercial oilive oil.  The 
stronger  concentrations  of adrenalin  injected  into the fishes were in all probabilities 
saturated solutions of this agent in oil with a certain  amount of the neurohumor  in 
suspension. 
When 0.1  cc. of a  mixture of adrenalin one part in a hundred of olive oil is 
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over the oil in a  quarter of an hour and soon become very pronounced.  In an 
hour the whole fish will have become pale and it will remain so for about a  day 
even  in  a  black-walled,  illuminated  vessel.  After  this  the  fish  will  darken 
wholly except for the pale spot which will remain obvious for some 3 to 4 weeks 
when  it  will  finally  disappear.  Injections  of  adrenalin  in  oil  1:1,000  to 
1 : 10,000,000 are all followed by the formation in the fish of pale spots above the 
FI6. 1.  Photographic reproduction of two prepared catfishes, Ameiurus nebulosu~, 
the upper one pale, the lower one dark.  On the upper flank of the pale fish at the 
front edge of its adipose fin is a  dark mottling due  to the  dispersing action on the 
melanophore pigment of one part of acetylcholine in 20 parts of olive oil injected an- 
teriorly from a  point a  little behind the darkened area.  In a  corresponding position 
on the dark fish is a  strikingly pale area irregular in outline and due to the concen- 
trating action of adrenalin one part in 1000 of oil injected anteriorly from the posterior 
edge of what subsequently became the pale area itself. 
oil but  without  general  blanching  (Fig.  1).  Such  spots  may  persist  in  the 
cases of  the  stronger mixtures  for  some  3  weeks  and  in  the  weaker  ones  for 
about  2  weeks  after  which  they  vanish.  Injections  of  0.1  cc.  of  adrenalin 
1:100,000,000  of oil were  never followed by color changes of any kind in the 
fishes.  So far as change of color was concerned this mixture was fully inactive 
as is pure olive oil. 
When 0.1 cc. of a  mixture of adrenalin 1 : 100 of  olive oil is injected subcuta- 
neously into  the flank of a  dark catfish a pale spot, as already stated,  quickly 
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be  seen  under  the  microscope,  is  concentrated  to  the  maximum degree and 
appears as a  minute  black  dot  in  each  color  cell  (Parker,  1941).  Soon  the 
whole fish becomes pale.  The formation of the pale spot and  the blanching 
of the fish is believed to be due to the escape from the oil of some of its con- 
tained  adrenalin  into  the  surrounding  lymph and  the  transfer of this  neuro- 
humor thus through lymph and blood to the melanophores in general.  This 
operation is most effective immediately after an injection of oil and adrenalin 
has been made.  When the general blanching h~s begun to subside, as happens 
in a day or so, it gives way to normal darkening and the pale spot on the flank 
of the  fish  is  the  only blanched  area  that  remains.  The  life of this  spot  is 
apparently dependent upon the amount of adrenalin still in the oil.  Enough 
of this neurohumor appears to be present in the kind of injection here described 
to  cause  the  spot  to persist in  some instances  for as long as 3  weeks.  This 
general  explanation  of the  color  changes  thus  artificially induced in catfishes 
is consonant with the observations that with  weaker  concentrations of adren- 
alin in oil no general blanching appears but only pale spots are to be seen and 
further that the weaker the concentration of adrenalin  the shorter the life of 
such a  spot.  The oil appears to serve as a  reservoir for the adrenalin which 
may  thus  gradually  escape  into  the  surrounding  tissues  until  this  neuro- 
humor is exhausted.  An injection of a  strong, aqueous solution of adrenalin 
into a  catfish will blanch the fish quickly and fully, but this response will last 
only a  part of a  day whereas a  spot formed by adrenalin  in  oil may persist 
several  weeks.  This  method  of  administering  adrenalin  has  already  found 
its place in medicine, for physicians who wish to extend the action of this drug 
over long periods as in cases of asthma do so by injecting  it hypodermically 
in oil. 
3.  Acetylcholine 
The acetylcholine used in these tests was the chloride, a  white,  finely crys- 
talline salt manufactured by the Swiss firm of Hoffmann-La Roche and Com- 
pany.  It was kept hermetically sealed in glass tubes, 0.1  gm. in a  tube, and 
mixed with oil or water from day to day as needed.  Although  injections of 
extremely dilute  mixtures  of acetylcholine  in  Ringer's  solutions  will  darken 
catfishes (0.2  cc. of a  mixture of one part acetylcholine in a  thousand-million 
parts of solvent), this neurohumor in oil is similarly effective only in surprisingly 
concentrated  states.  Injections  of 0.1  cc.  of a  mixture  of acetylcholine  and 
olive oil  1:1,0~0  or  1:10,000  have little  or no  effect upon  the  melanophores 
of  Ameiurus.  Indubitable  local  darkening of  this fish  occurs only when the 
oil contains about 1 per cent of acetylcholine or better 5 per cent.  In such a 
mixture much of the acetylcholine is in suspension.  As it reaches the surface 
of the  oil after the  mixture of oil and  neurohumor has been injected  it  pre- 
sumably dissolves freely in the  surrounding  watery fluid of the fish's tissues. c.  rr.  ~'Ar:IceR  181 
This fluid is believed to be rich in cholinesterase which  rapidly destroys the 
acetylcholine and  thus  prevents it from reaching  the melanophores.  Hence 
only very concentrated mixtures of acetylcholine in oil give out a  sufficiency 
of this agent to survive long enough in the cholinesterase environment to reach 
and affect the color cells.  The probable correctness of this view is seen from 
the fact that if a catfish that has received by injection oil containing 5 per cent 
acetylcholine  is  injected  further  with  an  appropriate  amount  of eserine  by 
which the neurohumor may be protected from the destructive cholinesterase, 
the fish will quickly darken as a  whole and soon die.  Thus the acetylcholine 
stored and protected in the oil may spread without destruction to the melano- 
phores, darken the fish as a  whole, and eventually poison it.  It is interesting 
to note that when 0.1  cc. of even 1 per cent acetylcholine in oil is injected into 
a  catfish a  total amount of this agent is received by the fish sufficient to kill 
it outright.  The oil, however, allows this lethal dose of acetylcholine to escape 
into the watery tissues of the fish only so slowly that the neurohumor is de- 
stroyed by the local cholinesterase before it can exert its deadly effect.  Bio- 
logically  the  fish  may  be  said  thus  to  protect  itself  against  a  poison, 
acetylcholine, that is a product of its own tissues. 
When  the dark spots produced on a  catfish by the injection of 5 per cent 
acetylcholine  in  oil  are  examined  under  the  microscope,  their  melanophore 
pigment is seen to be only about half dispersed.  This is  the  characteristic 
response of catfish melanophores to acetylcholine.  It is as well marked in the 
artificial  type  of  stimulation  as  under  normal  conditions  (Parker,  1941). 
Such dark spots, particularly if they have been induced by 5 per cent acetyl- 
choline in oil, will remain visible for 3 to 4 days, but they never show the length 
of life of the pale spots due to adrenalin in oil, some 3 to 4 weeks. 
4.  Storage of Neurokumors in the Skin of the Catfish 
That  acetylcholin  can be actually  stored  for some  days in  the  skin  of a 
catfish may be inferred from the following experiment. 
As a preliminary step a drop of olive oil containing 5 per cent of acetylcholine was 
injected into the flank of a catfish of intermediate tint.  A quarter of an hour later 
well marked, small,  dark areas were visible in the fish's skin over the oil  (Fig.  1). 
Half an hour after the first injection 0.2 cc. of adrenalin 1 : 100,000 of Ringer's solu- 
tion was injected into the fish.  This was soon followed by a general blanching of the 
fish including  the small,  dark areas.  The next day, 20 hours after the initial injec- 
tion, the fish was palish and over the region  of the oil faint but well marked, dark 
spots were to be seen again.  A new injection of 0.2  cc. of adrenalin  1:100,000  of 
solvent was then made, whereupon in a short time the dark spots again disappeared 
and the whole fish was pale.  Some 12 hours later the spots, now very faint, reap- 
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Three fishes in all were tested in this way.  One of them was in all essentials 
a  duplicate of that just described.  In the other the dark areas after having 
disappeared  under adrenaline  returned  once  but  not  a  second  time.  Thus 
it  is  possible  to  obliterate  the  dark  areas  produced  by acetylcholine in  oil 
through the use of adrenalin as a  hydrohumor and still have the dark areas 
return once or twice.  Such a return points very clearly to a storage of acetyl- 
choline in the oil over the period during which the melanophore pigment is 
concentrated by adrenaline. 
The converse experiment can be performed with adrenalin and intermedin. 
If a  catfish of intermediate tint with a  pale spot produced on it by a  small 
amount of adrenalin 1:1,000 in oil is injected with intermedin, the whole fish 
will rapidly darken and the pale spot will disappear.  After about a  day and 
without further treatment the pale spot will return, showing that the adrenalin 
is still active and  that  it was  only temporarily subdued.  Apparently for a 
few  hours  after  the  injection  of  the  intermedin  the  concentration  of  this 
neurohumor about  the melanophores of the pale spot was so great as to over- 
come the action of the adrenalin from the oil and thus to induce a  temporary 
dispersion  of  the  melanophore  pigment.  Finally,  with  the  gradual  disap- 
pearance  of the  intermedin the  adrenalin  reasserts  itself and  the  pale  spot 
reappears.  Such  an  interplay  with  antagonism  between  neurohumors  has 
already been pointed out and discussed in considering the color changes of the 
smooth dogfish Mustelus (Parker, 1937). 
In the catfish this type of alternating change in color where blanching from 
adrenalin  in oil is  temporarily obliterated by intermedin can be repeated a 
number of times.  In one fish of intermediate tint in which a  pale spot had 
been produced by the injection of 0.1 cc. of adrenalin 1 : 10,000 of oil this spot 
in the course of 3 days was made to disappear by injections of aqueous inter- 
medin  and  then  reappeared  of itself  no  fewer than  seven  times.  Such  an 
instance demonstrates the great effectiveness of the protection given by the 
oil to the adrenalin and the considerable length of time over which this pro- 
tection may extend. 
Artificial protection of adrenalin by oil such as has been described supports 
the view that persistence of the pale phase shown in the first few darkenings 
of  catfish  previously  kept  blanched  for a  considerable time in a  white en- 
vironment  is  due  to  a  storage of the blanching agent,  doubtless adrenalin, 
before its final disappearance.  The gradual shortening of the pale periods may 
be taken as a measure of the exhaustion of this reserve of adrenalin.  A similar 
type of response appears to be true of acetylcholine. 
It is well known that the nerve terminals for melanophores are not in the 
least like those of muscle fibers.  In place of the one or at most a few nerve 
fiber branches to a muscle fiber scores of nerve terminals surround each melano- 
phore.  Some of these must be concentrating, others dispersing.  A  number G, rr. P.~r~za  183 
of these ~rminals are applied to the melanophore but others e~  some distance 
from it.  Such an arrangement  agrees well with  what  has  been said  about 
melanophore  activation.  In  those  instances  where  a  nerve  terminal  is  in 
direct contact with a  coIor cell the activating neurohumor may pass directly 
from the terminal to the cell, but in the others where the branches of the nerve 
fibers end at some distance from the cell the discharge of the neurohumor may 
well be into the tissue lipoids from which the neurohumor may then pass by 
way of the pericellular lymph to the melanophore.  This course is the one in 
which as a result of the interpolation of the lipoid stage neurohumoral storage 
may occur.  Thus  in  this  instance  the  conditions  are  present  for inducing 
retardation in the first few responses in a  mela~aophore  which for a  relatively 
long time has been held in a  color phase opposite to that toward which it is 
moving. 
SUM~RY 
1.  Adrenalin when mixed with olive oil 1:100 and injected subcutaneuusly 
into a  catfish will produce a marked pale spot and a general blanching of the 
whole fish.  The general blanching will disappear in about a  day.  The pale 
spot may last 3 to 4 weeks. 
2.  Injections of adrenalin in oil 1:1000 to 1:10,000,000 cause the formation 
of only pale spots in catfishes.  Adrenalin in oil 1:100,000,000 has no effect 
on the fish's color. 
3.  Acetylcholine,  though  ordinarily more  powerful  than  adrenalin,  when 
mixed  with  oil  is  effective only in  high  concentrations  1:20  to  1:100.  It 
then produces dusters of moderately dark spots. 
4.  The pale  spot on a  catfish due to adrenalin in oil may be temporarily 
obliterated by intermedin.  It will return of itself, and  this process may be 
repeated a number of times.  The same is true of the dark spots produced by 
acetylcholine in oil when subjected to adrenalin.  These observations indicate 
the subcutaneous storage of both adrenalin and acetylcholine in oil. 
5.  In  the  natural  color  changes  in  catfishes  the  nervous  neurohumors, 
probably also  adrenalin  and acetylcholine, appear  both  to  be stored in  1:he 
fish's lipoids and to serve thus as a means of lenghthening the times of initial 
color responses till these stores of neurohumors are exhausted. 
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